Cl TRIC ACI D PRODUCTI ON 5Fi el d of the invention The present invention
relates to a nethod for producing citric acid. In particular, it relates to
the production of citric acid by fernmentation. Background of the invention
10Citric acid (2-hydroxy-propane-1,2,3-tricarboxylic acid) is known as an
industrially inportant organic acid whi cg is used e.g. as food additive,

preservative or as stabilizator of oils and fats due to its ability to

conpl ex heavy netal ions |ike copper and iron. Oiginally, it has been
isolated fromcitrus plants. Chem cal synthesis of citric acid is also
possi bl e, however, not at all suitable for industrial production due to the
15expensive raw materials and a conplicated process with | ow yield.
Therefore, over the past decades, other approaches to nmanufacture citric
acid using mcrobial conversions, which would be nore economical as well as

ecol ogi cal, have been investi ggimdc ACIDH PRODUCTIONT oducti on from a nunber of
substrates including glucose or sucrose 20has been reported in several
m croor gani snms, such as fungi including yeasts, using different cultivation

met hods.5 Exanpl es of known fungi F%PJ ﬁtﬁ@in@eﬁﬁ&ﬁ |y produce citric acid

i nclude,” for instance, strains f of Aspergillus, in
particul ar A ni Gerpresant ingerdivs redateshtoasmathod onpmduding gikic etid uhpertivgan owi a

i pol ytica. ¥/ L; ; . n-parafins as raw materi al
for citric gg%’i{é%gopr%gﬁ)g?‘quéﬁ%f%mggﬁgpﬁg#ﬁgﬂ@\{}ﬁr?h saturated al cohols. In
this process also isocitric acid is formed. Certain conpounds (like

monof | uoroacetic acid) are neGgRR&MYnkr Halidvdhti@A acceptable yield of
citric acid in the process. escri bes the production of
citric #cid fronfiHicpaidd2hrdropmeroransd .2.3-dirrdondic agidt BEROEHET s, such as
gl ycerol, t ghdpéRslNGRpsHaht brgarfChdu WhitRisdis¥d 8lgdadPoodB@iive, preservative or
as stabilizator of oils and fats due to its ability to complex heavy metal ions like copper
and iron. Originally, it has been isolated from citrus plants. Chemical synthesis of citric
acid is also possible, however, not at all suitable for industrial production due to the
15 expensive raw materials and a complicated process with low yield.
Therefore, over the past decades, other approaches to manufacture citric acid
using microbial conversions, which would be more economical as well as ecological,
have been investigated.
Citric acid production from a number of substrates including giucose or sucrose
20 has been reported in several microorganisms, such as fungi including yeasts, using
different cultivation methods. Examples of known fungi able to directly produce citric
acid include, for instance, strains from the genera of Aspergillus, in particular A. niger,
or yeasts such as Yarrowia, in particular Yarrowia lipolytica.
US 3 773 620 describes the use of n-parafins as raw material for citric acid
25 production in combination with saturated alcohols. In this process also isocitric acid is
formed. Certain compounds (like monofluoroacetic acid) are necessary to obtain an
acceptable vield of citric acid in the process.
US 3 801 455 describes the production of citric acid from n-parafins but also
from other carbon sources, such as glycerol, to produce citric acid with a yield of about
30 50-55% of the theoretical maximum on n-parafin. With glucose as raw material, a yield
of about 63% of the theoretical maximum is reached. Additional compounds, for
example monofluoroacetic acid, are necessary to obtain an acceptable yield of citric

acid in the process.



3050-55% of the theoretical maxi mumon n-parafin. Wth glucose as raw
material, a yield of about 63% of the theoretical maxinumis reached.

Addi ti onal conpounds, for exanple nonofl uoroacetic acid, are necessary to
obtain an acceptable yield of citric acid in the process. -2-

Rynowi cz (2006) describes citric acid prgductl on on raw gl ycerol by
Yarrowi a yeasts, with a yield of around 62% 5Detail ed description of the
i nvention The present invention relates to a nmethod for producing
citric acid fromglycerol wth a yield of nore than 70% w w, which net hod
conprises fernenting a filanmentous fungus on a substrate which conprises
10-90% W w gl ycercﬁdymwtézmoﬁpaésombeammdmtd praduntion srotanoglyceld by Yexgwiessed as

gl ucose equi véetg H:% tré)t al %ar bohydrate 10content of the substrate.
One advantag(yz oS Sl (& 8? fng to the invention is that a widely
avai l abl e substrate, i.e. glycerol, can be used. A main source of glycerol

is the production of biodiesel. Another advantage is that yields may be

obt ai nedsvvhich are rmuch hi gher, than oht |neﬂhu3| n .slt' ate of the art nethods
for proddcing citric acid frgﬁgﬁ%ﬁf@@-@?—————%ﬁ- gl ycerol is conbined
wi th anot her car b@he presert ivesticahiclates o 4 method fcstpmuﬂamgciire:rmm glgcerol

substrates f Wlt{l% 3;1 8f r%orFaraEtrhﬂ%Vg}r Orvyiggtrnekhe rqg:% ?ﬁsse%%m%l n 03 ﬁlamfe'l;tg [ ose,

sucrose, polya arch con hi ng strates
such as cor n funeds oassabsaratel whicesenpoisesTtl-86% edw glyewol and 900108 wftalnamses may be

used. The 200aBRRSEA LR dBkste: d Rkl tliidRs dfinb Wb ffdRue | aue ! ed

formor as syrup I nstance |qu led corn ta or gl ucose,
fructosd? suépise ahtherpgbsitaies syrup. The carbohydrates may al so be used in

conbi nation. The ghy6aVchlagdloKhe nids RBGRAG 16TE Grvahiliis FRT BGeRoUr ces makes
up 100% of the carbohy rate content of the substrate. Depending on the

f er nent at i on 2¥RBIE SHRYSIea Rt dvserok cambe ysads Adnain sRireeH IglyRs Al iathes t o
production of biodiesel. Another advantage is that yields may be obtained which are

much higher than obtained using state of the art methods for producing citric acid from
15 glycerol.

The glycerol is combined with another carbon source, such as with the standard
fermentation substrates for citric acid production, like molasses, glucose, fructose,
sucrose, polyalcohols, starch hydrolysate and starch containing substrates, such as
corn and cassava. In case of molasses, beet or cane molasses may be used. The

20 carbohydrates may be in solid form, in liquid form, liquefied form or as a syrup, such as
for instance liquefied corn, starch or glucose, fructose, sucrose or molasses syrup. The
carbohydrates may also be used in combination. The glycerol mixed with one or more
other carbon sources makes up 100% of the carbohydrate content of the substrate.
Depending on the fermentation conditions and the strains used, the carbohydrates to

25 be mixed with glycerol may vary.

In the context of the present invention, the phrase ‘production by fermentation’
refers to the production of citric acid by a microorganism, in particular a filamentous
fungus, from a carbohydrate source by means of one or more biological conversion
steps, without the need of any additional chemical conversion steps. The fermentation

30 medium may be any suitable medium for the production of citric acid. Typically, the
medium is an aqueous medium comprising for instance salits, carbohydrates, nutrients
and a certain pH. Fermentative production of citric acid on industrial scale is well-known

in the art, see for example US 5,081,025.



25be m xed with glycerol may vary. In the context of the present

i nvention, the phrase 'production by fernentation' refers to the production
of citric acid by a mcroorganism in particular a filanmentous fungus, from
a carbohydrate source by neans of one or nore biol ogical conversion steps,
wi t hout the need of any additional chenjcal conversion steps. The
fermentation 30 nedium may be any sui t9ibl e medi um for the producti on of
citric acid. Typically, the mediumis an aqueous nedi um conprising for

i nstance salts, carbohydrates, nutrients and a certain pH Fernentative
production of citric acid on industrial scale is well-known in the art, see

for exanple US 57Q08%rfidnations 3ire typically pRRorfrRE R NWaldhl GEtEbAGH of YHtiaadusy
performed in batch, fed-batch or con¥| nuous node. Both subner and

) ed
surface fer Mofe-Rothsibmesoadind spdacedermeptafionane fpeRpRagsed by the '"Vg?f'ogase of

submer ged f er menhakiOsk subRergbd ffrRERtEEbnC e PRdTyPsRdaRbdhodraR 1ok ertlkadi viith
glycerol is selected fromglucose or sucrose s ield st ar ches.

rups. or |iguef

In one 5 eA¥eRIPnENteleciad; PR gluqoge & %‘F@&%@éﬁ’pgi% loygedt 83@9% freat i on
starting fr embédimartd @i maiteisr grovuvet evia alubSeied alsrmientation sdtarticg fivas sava or
corn, which emlled and m xed with water. A A n s may be
prepared i ncngégg‘aleafaév ‘P%ﬁeﬁﬂrﬁ’%ﬁ as ggﬁénsﬁnaﬁg?sas@f’? 8?15035’%11@{ 'g?%trb%l#'%gy be
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fermentation, t p ) rate to be m xed vvlthglycer_ol IS

sel ected fraAukdPhiogs8 o/lsueiembly i {hedpnasrof abad|16er20ms Pt RsCTe Rl AR Beng 15
car bohydr at gpgé biubosO1502d80ef. sol i d state fermentation). In one enbodi ment,
citric acid is produced via surface fernmentation s artientg from

car bohydrat e raw? f8%%Pl sifrfage deimgatabion. the, gelgired carbphydrgie Beh% m!i‘ﬁg Witihe
NDI asses Oor gifideedl 06 &elcbRE R st GRfbsangnpubil acslill esubsirdtatcootaining

additives, suc s.sglts (e, q. xacyanof err at nut.ri.ent d i foam

may be ’%dde@r%grﬁgsz%eéa&ﬁ%g qogcfﬁé%tfgwegﬁ_trorgoﬁ%egqngpggp 0 nt r‘r’ggc %Cqullﬁi xed

wi t h anot hegrodwrebai aolate terinontatidnastartiag fremch cahaledtatatavomatefialgdugbexrsol i n

the range of 10, to 90% w.w, preferably in the r 0 % wLw, 10 to

8056 wi i 10°F Boa8% i 4 Gep o ets ) SuaBRaFof b subefbediate

pref erably sunfatdéermantgtonpfaddifvesp s&Fasvsalts (BQ. thexagesoigvate)l Outrienta Spdw/ w or

10 to 40% [ in . of 10 to 35% wWw, 10 to 30%
"YytfoaB by X R0 Bglota gy dipho Rk AR

ww 10 to 0 n one enbodi nent of the invention,
gl yceret is ni xethemlyderchmay he mixsdrmitbrangiber easbanrsogrsedmebteig@eentr ati on of

10-30% W W b icottitbAGPal QIR 1IRE of 161030l DAY pRRRaG) FRRE gl voey ol i s

m xed with anot her carbon source in an end concentration of to 50% w w

for submer gEBFewitedd & B8 Wi 10 to Rabev/ietlie fO%gHy. A9 to P lda gV %s
gl ucose- equinsal BBfefablR BeeBNgel&Q0 to 55% wiw, 10 to 50% wiw, 10 to 45% wiw or 10 to

40% wiw, most preferably, in the range of 10 to 35% w/w, 10 to 30% wiw, 10 to 25%
25 w/w or 10-30% wiw. In one embodiment of the invention, glycerol is mixed with another
carbon source in an end concentration of 10-30% w/w for surface fermentation. In
another embodiment, glycerol is mixed with another carbon source in an end
concentration of 10 to 50% w/w for submerged fermentation.
All these percentages are expressed as glucose-equivalents, whereby 100
30 gram glycerol equals 97.82 gram glucose-equivalents. Therefore, the phrase "10% wiw
glycerol expressed as glucose equivalents’ refers to 10 gram glucose-equivalents
glycerol per 100 g glucose equivalents expressed as percentage of the total

carbohydrate content of the substrate.



30gram gl ycerol equals 97.82 gram gl ucose-equi val ents. Therefore, the
phrase '10% w w gl ycerol expressed as gl ucose equivalents' refers to 10
gram gl ucose- equi val ents glycerol per 100 g gl ucose equival ents expressed
as percentage of the total carbohydrate content of the substrate. -4-

Any filanmentous fungus nmay be used in thg nmethod according to the
invention. Preferably a filanentous fungus with GRAS status (generally
recogni zed as safe) is used, nore preferably an Aspergillus selected from
A. niger, A awanori, A aculeatus, A japonicus, A oryzae, A vadensis,
A car bonarius, A. tubingensis, A lacticoffeatus, 5 A brasiliensis, A
pi per's A cost ar Aonélagiestoys fungug meYbeIusedistmmihOE\amrmwtbeéﬁvemmoly, an

A. foetidus pakerasi %Ur'ﬁamé\tono\%ﬁ% ltﬁ/@rwaétgfug l@enepilly Q'Qcpé&fgtggg
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citric acidjgpnohydrate. Ctric acid and its salts as produced by a nethod

descrlbed herein may be
In a further aspect, the process for the production of citric acid as described

above may be combined with further steps of separation or purification of the produced

citric acid from other components in the fermentation broth, i.e. so-called downstream

processing steps. These steps may include any means known to a skilled person, such

as, for instance, concentration, crystallization, precipitation, adsorption, ion exchange,
25 electrodialysis, bipolar membrane electrodialysis and/or reverse osmosis.

The citric acid may be converted for instance into monosodium citrate, trisodium
citrate, tricalcium citrate, trisodium citrate dihydrate, tripotassium citrate, monosodium
citrate anhydrous, or crystallized as citric acid anhydrous or citric acid monohydrate.

Citric acid and its salts as produced by a method described herein may be

30 further used as ingredient or additive for e.g. food (such as e.g. bakery products, baby
food, fats and oils, sweets, cheese products, dairy products), beverages such as e.g.
carbonated soft drinks, syrups, fruit juices and drinks, wines, ready-to-drink teas),

pharmaceuticals (such as e.g. tablets, syrups, suspensions/solutions), cleaners and



30 further used as ingredient or additive for e.g. food (such as e.qg.
bakery products, baby food, fats and oils, sweets, cheese products, dairy
products), beverages such as e.g. carbonated soft drinks, syrups, fruit
juices and drinks, w nes, ready-to-drink teas), pharmaceuticals (such as
e.g. tablets, syrups, suspensions/solutions), cleaners and -5- detergents
(such as e.g. deodorant soap, dish wash®ng |iquids/powders), in persona
care products (such as e.g. shanmpoos, creans and | otions, hygi ene products,
t oot hpastes) or in other industrial applications such as in adhesives,

ani mal feed, photo chem cals and the |ike. According to the nethod of
the inventi b Iyl i g I S w,
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In one embodiment of the present invention, a simple filtration technique is
used to purify raw glycerol to a quality which is acceptable for surface fermentation
use. This process comprises mixing crude glycerol with CaO in a final concentration of
at least 2.0 g CaO per kg of the mixture and allowing it to react, followed by filtering the
reaction mixture over a pressure filter to obtain purified glycerol.

25 To the applicant’s knowledge, this simple and straightforward process for
purifying crude giycerol is novel. Therefore, in another aspect of the invention, the
invention relates to a process to purify crude glycerol by mixing the crude glycerol with
Ca0 in a final concentration of at least 2.0 g CaO per kg of the mixture and allowing it
to react, followed by filtering the reaction mixture over a pressure filter to obtain

30 purified glycerol.

The CaO used in the present invention may be in any suitable for, be it powder
or liquid. In one embodiment of the present invention, CaQ in the form of lime milk is

used. The CaO is mixed with the glycerol to obtain a final concentration of at least 2.0



The CaO used in the present invention may be in any suitable for, be it
powder or liquid. In one enbodi nent of the present invention, CaOin the
formof lime mlk is used. The CaOis mxed with the glycerol to obtain a
final concentration of at least 2.0 -6- CaO preferably the final
concentration is at least 2.5 gram CaO pgr kg of the m xture, nore
preferably it is at least 3.0 or 3.5 gram CaO per kg of the m xture.
Typically, it will not be nore than 10 gram CaO per kg of the m xture. The
purification method according to the invention allows for short reaction
5tinmes. The reaction tine may be as short as |ess than 120 m nutes.

Pref erabl y, i®aQ,préfersblyttedimabénc8ratiadrOisat le6§t 25 grameSaOmer kg pitied mixivse,y, it
is | ess than gt fion
tinme is |ess rtﬁﬁaﬁéegera@%t?z& A&VSEQ)%Q)Z&P 3%@8'% CaM)&;r k%‘Ofeco mr’:btsuér)é -P; n%"i %S@act i on
times may be nobpe mwthwuﬂoanammpwé@ﬁﬂwnyleared will reduce the efficiency
of the pur'f'cat'&neaﬂ@ﬁ%% metfild adchiRinth HAGnRRAAT o fdr anbiiRabtent | on.
the reaction m xture cero I's purif renove 1npurities.
The filtér u§@&StB\errﬁa<tt'@ﬁ tlmh@ayéma@sbwt%wﬁwgn a9 minuites. Defgrally.iids e filter,

such as a pressayhsh 90, BO.&0 #'60 FiMAS Hdrd br'efe%bly, meaégs thén 56 4@6@@' 2bQr yge a

mcrofiltration unit or aceramcf [ter. | ter @é aveapre coat or
body feed apfViées- Most rrefesibin mr@aqﬂpm trag 'sdﬁﬂssth@'bf* e Sub 2 ioh T BERMYe- (A
filtration i %bﬂdéiﬂorﬁjd re@BfidPimes Wedy 1R blitl dr@not B cEHEByRIAG WAl et al

consi sting of d SO ta55| um alum nium silicate, produced by e.g.
Dicalite Eurérﬁ"‘ee "%é’ﬂ& HchQOfesalhl ch is for exanple produced in the
citric acid downstrteameodaessdinglo thé meeltignthe reakton miaturedk ch&:toO@r&Dus

Cor I obn out S Bedio BBV winARg) The e oS A B )
be a very simple filter, such as a pressure filter or a vacuum filter. There is no need to
use a microfiltration unit or a ceramic filter. The filter may have a pre-coat or body feed
applied to it. Suitable filter aids to be used in body feed filtration include silicates, such

15 as perlite, an amorphous mineral consisting of fused sodium potassium aluminium
silicate, produced by e.g. Dicalite Europe NV, Belgium; gypsum, which is for example
produced in the citric acid downstream processing; kieselguhr, also called diatomeous
earth, produced by e.g. Eagle Picher Inc., USA, brand name Celatom®. In one
embodiment, a Dicalite® filter aid is used. .

20

EXAMPLES

Example 1
Production of citric acid by surface fermentation using a mixture of molasses and

25 crude (unpurified) glycerol by A. niger
A mixture of beet and cane molasses was diluted with demineralized water to
obtain 240 g sucrose per liter. Raw glycerol was diluted to 260 g/L expressed as
glycerol. The two solutions were mixed in a ratio of 70% w/w molasses and 30% w/w of
glycerol, both expressed as glucose-equivalents on the total carbohydrate content. To
30 this mixture 3 mi phosphoric acid 5%, 0.7 g NasFe(CN)10 H.0O, 0.45 g powdered
activated carbon and 1.0 mg Zn as zinc sulphate was added per litre of mixture. The pH
was adjusted to 6.15 with sulphuric acid and the mixture was put in a tray with a depth
of 10 cm. This tray was pasteurized at 70°C and allowed to cool down to 40°C. Spores

of A. niger were added to the media and the trays were incubated in a climate room at



Production of citric acid by surface fernentation using a m xture of

nol asses and 25crude (unpurified) glycerol by A niger A m xture of
beet and cane nol asses was diluted with dem neralized water to obtain 240 g
sucrose per liter. Raw glycerol was diluted to 260 g/L expressed as

gl ycerol. The two solutions were mxed in a ratio of 70% w w nol asses and
30% w/ w of glycerol, both expressed as ‘61 ucose-equi valents on the total
carbohydrate content. To 30 this mxture 3 m phosphoric acid 5% 0.7 ¢
Na4Fe(CN) 6. 10 H20, 0.45 g powdered activated carbon and 1.0 ng Zn as zinc
sul phate was added per litre of mxture. The pH was adjusted to 6.15 with

sul phuric ag @ynaaditd6r :f@"éta%% r@@ﬁveolﬂfrmii g? le@idt 7‘0’% mr@eldtﬂgéé"cd?lfdmé@s cm
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Thi s exanpl érsiborasontihadry srazil {roouptsrofiglyeetpt sgé yssek ol wil |l only work for
surface fernentation if very small anounts of glycerol are used. Exanple 2
i oProduction of citric acid by surface fernentation using a m xture of

nol asses and pretreated crude gl ycerEanmple 2. ni ger A m xture of beet
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20 as zinc sulphate was added per litre of mixture. The pH was adjusted to 6.15 with
sulphuric acid and the mixture was put in a tray with a depth of 10 cm. This tray was
pasteurized at 70°C and allowed to cool down to 40°C. Spores of A. niger were added
to the media and the trays were incubated in a climate room at a temperature of 35°C
and a relative humidity of at least 70%. The mycelium was cultivated to form a layer on

25 the surface of the liquid and sucrose from the liquid was converted to citric acid.
Fermentation was stopped when the sucrose, glucose, fructose and glycerol
concentration had dropped below 4 g/l as measured by HPLC. After pasteurization to
stop enzymatic activity, the citric acid concentration in the liquid was measured by
HPLC or titration. Production performance was calculated as the yield of citric acid

30 expressed as grams of citric acid monohydrate per 100 grams of glucose equivalents in
the substrate. The yield in the fermentation with a mixture of raw materials was 95%.

For comparison, the yield in a fermentation based on molasses alone was 100%.



25 the surface of the Iiquid and sucrose fromthe liquid was converted to
citric acid. Fernentation was stopped when the sucrose, glucose, fructose
and gl ycerol concentration had dropped below 4 g/1 as neasured by HPLC.
After pasteurization to stop enzymatic activity, the citric acid
concentration in the liquid was neasured_ by HPLC or titration. Production
performance was cal cul ated as the yleld'ﬁﬁ citric acid 30 expressed as
grans of citric acid nonohydrate per 100 grams of glucose equivalents in
the substrate. The yield in the fernentation with a m xture of raw
materials was 95% For conparison, the yield in a fernentati on based on
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cassava basedbsequerﬁly cooling to 35°C, the content of a seed fermentor was transferred to the
main fermentor. After the transfer, the fermentation was controlled by cooling at an air
flow rate of 0.1 vvm and stopped when the carbohydrate was consumed, which took
140 hours. The citric acid concentration in the liquid was measured by HPLC or titration.
25 The yield of citric acid (grams of citric acid monohydrate per 100 g of carbohydrate,
expressed as glucose-equivalents) was 88% as compared to a yield of 85,5% which

was obtained in a separate experiment using a medium without glycerol.
This example shows that the yields obtained with raw glycerol as substrate are

similar to the yields obtained with corn and cassava based media.

30
Exampie 4
Production of citric acid by submerged fermentation using a mixture of corn,

cassava and crude glycerol by A. niger



30 Exanple 4 Production of citric acid by subnmerged fernentation using a
m xture of corn, cassava and crude glycerol by A niger -9- This
experiment was conducted as Exanple 3, only the carbohydrate content was
made up of 20% w w raw gl ycerol w thout pre-treatnent, 60% w w cassava
flour and 20% w w corn flour (all expressed as glucose equival ents on the
total carbohydrate content). The yield-8f citric acid was 85% (grans of
citric acid nonohydrate per 100 g of 5carbohydrate, expressed as

gl ucose-equi val ents). This exanple shows again that the yields obtained
with raw glycerol as substrate are simlar to the yields obtained with corn

and cassaya RassilodhesTXales Sl QRIBAUE AN oSbYTEE Shiteyayibmer ged
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of A. nigger c%@h;}amélQ;Qéreéd%d%@%ltfc@éé]&jﬁ\@rent%?d the seed fermentation is
carried out_ with an air flow rate of er volune per

minute (vvnfNSfEETHE shesHagan U\aé“iesV'Qi‘éﬁn?t?‘%iP"r"mehfaV‘GQ‘@er PSSP 8% mat el y

20 hours, t bimiigesthd weidedbtdeOatt @Rt nd castdvabase medlat 0 the main ferrrentor.
The main fernmentor is prepared with a mx of 80% w w gl ucose syrup, 20% raw

gl ycerol without pre-treatnment 20 (both expressed as gl ucose equival ents
on the total carbohydrate content), Example5additives and nutrients. The
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content of the seed fernentsytup and ¢rade Giyceretiby 4. biger mai n fermentor. After
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seed fermentation is started in a separate fermentor, containing a slurry of corn flour as
carbohydrate, liquefied with an amylolytic enzyme at a temperature of 90°C. After
15 cooling to 37°C, spores of A. niger are brought in the fermentor and the seed
fermentation is carried out with an air flow rate of 0.1 to 0.2 volume per volume per
minute (vvm) and the temperature is controlled at 37°C. After approximately 20 hours,
the seed fermentor contents is transferred to the main fermentor. The main fermentor is
prepared with a mix of 80% w/w glucose syrup, 20% raw glycerol without pre-treatment
20 (both expressed as glucose equivalents on the total carbohydrate content), water,
additives and nutrients. The concentration of carbohydrate in the mix is 160 g/l and
antifoam is added. .After heating to 120°C to sterilise and subsequently cooling to
35°C, the content of the seed fermentor is transferred to the main fermentor. After the
transfer, the fermentation is controlled by cooling at an air flow rate of 0.1 vvm and
25 stopped when the carbohydrate is consumed, which typically takes about 80-100 hours.
The citric acid concentration in the liquid is measured by HPLC or titration. The yield of
citric acid will be at least 90% of the yield which is obtained with the medium without

glycerol.



25 stopped when the carbohydrate is consuned, which typically takes about
80- 100 hours. The citric acid concentration in the liquid is neasured by
HPLC or titration. The yield of citric acid will be at |east 90% of the
yield which is obtained with the nediumw thout glycerol. -10-
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citric acid frgyreh ¥Rgrdl10% Row Brtahethef @HIOh Sddliecd, NS leRpre@bed @k RiIddsBY @
filanmentous fungus on a substrate which substrate conprises 10-90% w w

gl ycerol and WW@%‘WW@Ftaﬁb?%@hyééﬁt%wt%ﬁf@ésuﬁ -expr essed as
gl ucose-equi val ents on the total carbohydrate content of the substrate. 2.
The met hod according to claim1, wherein the another carbon source is

nol asses, gPuclhsemetpd Acerrdng ducasRel, wherRit yhe 2BPI0Er, CARAT EPHTCE, iSs IRIAESES:

hydrol ysate afbﬂhc%%é“ﬁtbbt@é@“s@br@hélga% srcbﬁélegt,arcshr a%tﬁmyai?dly% bhersepén in
solid form in liquid form in | ﬂ‘lb d form or asa?/ P The et hod
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speci es. 4. Th@m{r@(tgg@cgyaﬁ\pordl ng to claim3, wherein the Aspergillus
species is an A niger awanori, A. acul eatus, A japonicus, A oryzae,

A. vadensis, A carbonarius, A tubingensis, A lacticoffeatus, A

brasiliensig, e mkthcd la&eord}ng GO Tlafth 12C IHRAIS Y fildmehtoR Fuiges iSan pergmudod
according to claim4, wherein the Aspergl | lus sp. is A niger. 6. The

met hod accor diSREC®D claim 4, wherein the Aspergillus sp. is A niger as
deposi ted under accession no. ATCC 1015 or under CBS 513. 88.

4. The method according to claim 3, wherein the Aspergillus species is an A. niger, A.
awamori, A. aculeatus, A. japonicus, A. oryzae, A. vadensis, A. carbonarius, A.
tubingensis, A. lacticoffeatus, A. brasiliensis, A. piperis, A. costaricaensis or A.

foetidus.
5. The method according to claim 4, wherein the Aspergillus sp. is A. niger.

6. The method according to claim 4, wherein the Aspergillus sp. is A. niger as deposited
under accession no. ATCC 1015 or under CBS 513.88.

7. The method according to any one of claims 1 to 6, wherein a submerged fermentation is

performed.

8. The method according to any one of claims 1 to 6, wherein a surface fermentation is

performed.

9. The method according to any one of claims 1 to 7, wherein the glycerol is purified

before it is used in the fermentation.



7. The nethod according to any one of clains 1 to 6, wherein a submerged
fermentation is perfornmed. 8. The nethod according to any one of clains 1
to 6, wherein a surface fernmentation is performed. 9. The nethod according
to any one of clains 1 to 7, wherein the glycerol is purified before it is
used in the fernentation. -12- 10. The nethod according to claim?9,
wherein the purification conprises the steps of: mxing the glycerol wth
CaOin a final concentration of at least 2.0 g CaO per kg of the m xture;
allowing a reaction between CaO and glycerol; and filtering the reaction
m xture over a pressure filter. 11. The nmethod according to claim10,
wher ei n t he19iThe method egeeidbw tP<ciai@sy wiesain 1he PHTRIBR compriseiberfiemodf:
?ﬁco][d: {19 to GhigingtA® gQEerblwitVB80ah B fhaPEshceRRhtidArofkebasf 26¢ CaoaRPkyed to
e filter.
the mixture;
allowing a reaction between CaO and glycerol; and

filtering the reaction mixture over a pressure filter.

11. The method according to claim 10, wherein the time for reaction is less than 120

minutes.

12. The method according to claim 10 or 11, wherein a pre-coat or body feed is applied to
the filter.



